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<t was found that tho raactivity of this nethod is much lower than that of 
the subcutancoud and cutaneous immunization no tnods. Conclusions! (1) 
Acrosol immunization. with dust plague vaccine, using tha above-mentioned dose, - 
provoked no distinct roaction but caused characteristic changes in the poric 
phoral vlood. (2) This method, tested under practical conditions on 545 
peroonoy to vory ainple and allows the population to be mass-immunized ° 
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~ magnetic action in the original daniltouien system leads in 
4 the energy to the appearance of somponents af the magnetic 
i i i type as well of terras of the type of anisotropic 
H , (magnetic) excharge.. This latter fact mizht have some 
: ae “significance for the calen. of ithe relaxation plenomena 
’ both -fa- ferromagnetic and antferromagnetic crystzls. 
_ There is also derived tte of the system clase to the 
j energy centers of gravity, Ue. the case of bigher temps. An 
; Cquation is obtatted for the free mengy as a function of the 
Lmaguitude of the muagnetizability and its orientation ia the 
} be tiny (the energy of the magnetic anisoteapy) for temps. 
1 which aze close to the Curie point. Wemer Jacobson —™ 
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VOHSOVSKEIY, S.V.; IRKHIN, ‘u.P.; KUSHMIRENKO, A.N.; TUROV, Yh.A. - 


: Part 1. Fiz met. i 
Multielectron theo:'y of semiconductors. 
metalloved.3 n0.32/J85-394 '566 (MIRA 10:3) 


le Institut fiziki metallov Ural'skogo filiala AN SSSR. 
(2lestrons) (Semiconductors) 
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-AUPHOR:. Irkhin, Yu. P. and ‘Turov , Be A 101 : 
, PITLE: On the milti-electron theory of semi-conductors. part Il. 
ferromagnetic semi-conductors. (K mogoelektronno teorii 
poluprovodnikov. TI. Frerromagnitnye poluprovodniii ‘ 


PERTODICAL: "Fizika Metallov i Metallovedenies (Physics of Metals and 
feta LLUrey )» 1957, Vol. IV, Noel. (10), pp-9 - 13 (U.S.5.R-) 


ABSTRACT : Tae multi-electron model of 2 semi-conductor proposed in 

an earlier paper (1) is generalised for the case of ferro- i 

magnetic crystals. In accordance with this model spin excit— aa 
ations (ferro-magnons ) are successively separated in addition 
to charging excitations (Ferm. and Bose excitons). On approach- 
ing the energy centre of gravity the activation energy fox 
ferro-magnetic electrons and the effective mass of the excitons 
is dependent on the spontaneous magnetisat ion of the ergstal 


curve ln (1/2) at the Curie point for some ferrites. 
simplifie electron structure of a ferro-magnesic semi- 
conductor is cor.sidered, ‘corresponding to an jdealized mi1ti- 
electron model in which the magnetic and the electric prop— 
erties of the crystal can pe described as peing inter-related 
properties of a single system of a number of interacting elec~ 
tons. it is assumed that in. ic s : rystal 
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. On the milti-electron theory of semi-conductors. Fart Il. 
Ferro-magnetic semi-conductors. (Cont. ) 101 


"internal" electron with a non—compensated spin corre sponding; 
to the vacant d-shell of the isolated atom. In the lovest 
energy state the spins of all the "internal" electrons of the 
crystal will be mutually parallel. Transition of the s-elec- 
tron into the excited state, the p-state, of the given or of 
another node, and also the transformation of the spin d-elec- 
tron will be the elementary excitations of the system (excitons 
and ferro-magnons). Sub-dividing the electron system into an 
intemal and extemal one it is assumed that the first one 
determines fundamentally the magnetic properties and the second 
one the electric properties of the crystal; interaction 
between the two determines the relation between these proper- 
ties (2). The authors investigated the energy spectrun for 
the two limiting cases, namely,for the low temperature range, 
applying the method of quasi-particles and, for tae temperature 
range approaching the Curie point, where it is possible to 
limit the work of determining the mean energy relative to the 
states of the d-electrons with given values of spontaneous 
mnagnetisation. There are six references, five of which are 
Russian. 

Metal Physics Institute, Ural Branch, Ac.Sc. Recd.October 2% 


1956. 
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Mupov,-¥e. A. 127 
On the theory of g-fuctor in ferro-mapnetic metals. 
(K teorii g-faktora v ferromagnitnykh metallakh. ) 


"Tizika Metallov i Metallovedenie" (Prysics of Metals and 
Metallurgy) 1957, Volo1iV, Noel 10), pp.185-184 G.5.5.Re) 

The author points out in conjunction with the york 
published by Kittel and iitchell (Phys. Rev.,1¢56, 101, 1611) 
that the existence of an H, field follows directly from the 
s-d- exchange model of a ferro-magnetic metal. ‘Tne magni- 
tude of this field was calculated by the author of this paper 
for a different problem in earlier work (3). The fact deduced 
from eq.(4) of this paper that at the Curie point H, ceases 
is in agreement with the results of Bagguley (5) who. 
observed a jump in the g-factor in colloidal nickel during 
transition through the Curie point. ‘he author believes that 
it is of interest to generalise the results for the case of 
binary ferro-magnetic alloys. 6 references, of which 4 are 
Russian. 


Institute of Metal Physics, 
Ural Branch of the Ac.Sc. Recd. August 22, 1956. 
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SUBJECT: USSR/Physics of Magnetic Phenomena 48.6-20/23 " 
‘ AUTHOR: STURDY, YeeAe ___ 
TITLE: On the Spectrum of Elementary Excitations and Some Kinetic Pro~ 


cessses in yarromagnetic Crystals (0 spektre elementarnykh voz- 
buzhdeniy * nekotorykh kineticheskikh protsessakh v ferromagnit- 
nykh kriste. lakh) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Seriya Fizicheskaya, 1957, Vol 21, 
#6, p 887 (USSR) 


ABSTRACT: The report deals with a theoretical investigation of the energe~ 
tic spectrum of ferromagnetic metals and semiconductors, which 
takes into consideration interconnection between the magnetic 

(spin), current (charge) and lattice (phonon) degrees of freedom 
of a system. 


Some kinetic phenomena in ferromagnetic crystals, such as elec- 
troconductivity, ferromagnetic resonance, etc., are discussed 
in applications of the theory. 


cara 1/2 The detailed content of this report was published in the artic~ 
lest 
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+ QITLE: On the Spectrum of Elementary Excitations and Sore Xinetic *re- 
cesses in Ferromagnetic Crystals (O spektre elementarnykh v%z- 
buzhdeniy i nekotorykh kineticheskikh protsessakh v ferromagnit- 
nykh kristallakh) 


MM, 1956, Vol 3, p15 and Izvestiya AN SSSR, Seriya Fiziches~ 
kaye, 1955, Vol 19, P 463, and p 474. 


No references are cited. 
ASSOCIATION: Not indicated. 
PRESENTED BY: 
SULMITT SDs No date indicated 


AVAILASLA: At the Library of Congress. 
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PHASE I BOOK EXPLOITATION Sow/ 3847 
S0¥/26-N-20 


axmiontya nauk SSSA. Ural‘ekty filial, Institut fistki meselioy 
frudy, vyp. 20 {Transactions of the Instituts of the Physics of 


poem + See g tee e a fol in * “— 
i S a or eT = & 
Metals, Ural Branch, Acadeny of Sciences USSR, No. 20) Sverd- 


H Jowak, 1968. 402 p. Errata slip inserted. £,000 copies 
printed. ‘ 
“ 
i Resp. Eis.: 3.¥ Yonsovekty, Corresponding Member, Academy of . 
SeLences USSR, end V I. Archarov, Doctor of Technical Sciences. - 
| \ 
oF 
| 
i: 
> 


a 


PURPOSE: Thia took is intended for scientists working in the field 
of physical metallurgy. 


Institute of the Physics of Metala, Ural pranch of the Acaiexy Of Sciences | 

USSR, on problems investigated at the Institute, Studies at the 

Institute hare concentrated on two basic probleas: 1) developing. 
_____& theory of metals and alloye and finding ways to improve the 


\ 
\ 
z ‘ properties of engineering materials; and 2) developing new phyai- 
3, ng 
a 


eS aan eee & TER aisen 


eal methods for investigating and controll the quality of 
materials and metal articles. In connection with these basio 
prodleas the articles in the collection treat the following sub- 
jecte: prodlems of the multielectron quantun -mechanical theory 
Of solids; the laws of distribution and diffusion of adsixtures 
dn various metallic alloys (internal adsorption theory); strength 
and plasticity of polyorystalline materials in relation to inter- 


4 


? 


ba | atomic binding forces, iJiatortions in the crystal lattice; struc~ 
\ tural theory of diffusion reaction, i.e. diffusion dua to chemi- 
me eal reactions in solid phases; theory of the magnetic atructure 
. of ferrozagnetic substencea; theory of the teat treatment of 


: steel; and the physical thsory of magnetic moasurezents (magnetic 
4 : flaw detection and structural. analysis), The first article gives 
6 @ description of the work being done by the Institute and a list 
of departuents and laboratories along with their chief personnel. 
Several persons are cited for their work at the Institute. Rofer- 
ences accompany each artiole. 


TABLE OF CONTENTS: 
Rikheyers/H.N. Summary and Prospects of Soientific Activity at the 


oe ee | 


a ee 


exes ies ESP Fete e GE SRD Foe ee eres Ese) DTS 


Institute of the Physics of Fotels 5 
‘ Yonsovakty, 8.V. Problems in the Quantum Theory of Solids 13 
a orlo¥/A.¥. an4d ALN, Men’. Statistioal Theory of Binding Forces 
ay in Transition Met es With Cubie Lattice f 43 
ss soxdiov, A.V. Quantun Theory of the Optical Properties of Metale 53 
ro - x assors K.B. Probleas in the Theory of Mechanical, Magnetic, 
Hy The > Magnetomechanical, Thermomagnetic and Thermoelastic Prop- 
a erties of a xagnetoelastic Mediu re} 
ee w_Vinsoy, E.R. Prodlews in the Quantum-Mechanical and Phenomenological 
a Theory of Ferroaagnetisna, Antiferromagnetisa, and Ferriaagnetian 91 
a Irknin, Ju,P, Anomalies in the Hlectrical Conductivity of Anti- 
zB erromagnetios Near Néel's Point 95. 
: } 
oi : Turey, Ye.A., and V.0. Shavrov, Phenomenological Theory of Ferro-_ 
ci 6 mmignetic Phenomena 
Sl ( 
| 
a | a 
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PEATSDICaL: 


AvSTRACT: 


Card 6/11 


900/5)-61-4-7/7 
Chenteov, R. 


Yhe Pifth ali-tnion Conference on the Physica of Low 
Pemperaturee (S-ye rerergnys eowhchantye po figike oiskikh 
seuperatur} Qs 


Tepetht fistchsskiks =sck, 1252, Yol 6, Nr 4, pp 743-750 
(ussx) 


Taiea Conferesce took place from October Z7 te fovember 1 at 
Tetiiess t% was organised by the Otdeleniye fisiko-matenati-~ 
ebestikh nauk Akaderii nauk SSSR (Separtamt of Physico- 
mathematical Sciences of the Acedeny of Sciences, tsse), 
tbe Akademiys asvk Crusinskoy SSE {Academy of Sctences, 
Crusinskaye SSE), and the Thilisskiy goeudarstvennyy uni- 
wersitet im. Stalina (Teiliel State University imeni Stalin). 
Tee Conference was attended by about 500 spectaliats fros 
Teiltei, Moecoe, Khar'kov, Kiyev, Leningrad, Sverdlovsk, and 
ether cities es vell as by a numder of young Ch secon tiela 
re @ vere 


en oer to ig ee ee ba aieean. « I¥. Magnetion. 
A. 8, Borovikx-Roasnoy (IPP) delivered a report on investiga- 
tione he carried out of the anisotropy of the weak ferro- 
wagnetiom in wonocrystal sagples of the antiferrosagnetic 
BnlO, (the effect of anisotrory was predicted by the therac- 
dynsdice} theory developed by Dzyaloshinskty). In the course 
of the discussion 2. 4. alikbenoy (IPP) spoke about neutrono- 
@rephical investigations he carried out of the aagnetic 
etructure of Enco, and PeCO, at lowe tenzeratures. P. Lb. 
Eepitea streseed “the taportance of the netho? based upon 
Deyeloehinekty's theory. 3, ¥. Kreynes (THIIFTRI>, whose 
leetare was read by A. S. Borovik-hoaanov, reported on seasure- 
ments carried out by bin (in the IPP) of the magnetis aniso~ 
tropy of the antiferconagnetic Cus0,- and CoS0,-nonocryatals. 


eo. £. Tarcy (IPN AN SSSR, Sverdlovsk) spoke about hie theore- 
tical investiguitons of the nagnetizability, the eneceptibtlity, 
the epectfic heat, and the resonance frequencies of anti- 
fervomagnetice and weak ferrocagnetics. A. I. Sudovteoy and 
Xa, te. Sezasenko (KAPTI) spoke atout seasuresents of the 
electric maivtance of tron in nagnetic fields in a wide ten- 
perature range with simultaneous plotting of the cagnetizaticn 
eurve. ¥. Y. u Reyn, C._¥. Pedorcy, £. VY. Caloshina 

and B. I. Turchinskaye (IFr AN 3558) spoke about ceasurecents 
ef aagnetisation ani the Hall effect of posycrystalline aenples, 


eickel ant wi,¥n at low teaperatures. Ye. I. Kondorskiy, 
—_— 


a suecestibillty messurecente on nickel ani its alloys sith 
copper at low tenperatures; 5. I. Sancdze (TCU) gyoke about 
the spectruz of the paramagnetic resonance of Tb in terbiua 
Bitrate at tecperatures of liquid hydrogen. M. I. Kaganoe 

eng ¥. M. Teukernik (KRPTI) dealt with the kinetic phenonens - 
in farroaagnetica at low tesperatures and with calculation 

of relaxation tine; 4. I. akhiyerer, ¥. Ber'yakhtar end S. 
Peletninskiy (KAFTI) carrie? out « theorefical Investigation 
of the relaxation of the ragnetic nozent in ferrodielectrice; 
Vlasov (ux 43 SSSE) ehcved that a linsarly polerized elastic 


(ultrasonic) wave of a frequency of 10? cycles when passing 
through « ferrozagnetic aubstance in the direction of the 
magnetic field, is subjected t3 a turn of the polarization 
plane of the erger of 10°) - 1074 retian/en cerated, ¥. I. 
Kaganow pointed out that in this connection yet another 
“PBenswenca way be observed 

ef altrascnics if the length ip 

tbe Larmor orbit of the electroz. . 


_  ———————.— Den a? the wnat interesting lects 
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AUTHOR: Eestatnibov, I. M., Doctor of Fhyeical and Mathematical Jolences 


Investigations of Low-tee 


' 

oa 

+ 4 TITLAr erature Physics (Iseledovantys FO 
| | fizike niakikh Reaparatec) 

id 

} 

: 


PRatopicale: Veetaik akadeait nawk SSS". 1959, Br 2, pp 98-100 (ussa) 
robles took place {2 


ABSTRACT: Yne Sth All-Union Conference of 
aviliel frrow Cotober SY to Vovenber 1, 1958 It eae attended by 


paysiciets from Hoscow 
x, a Kyev, 4 fields of low-teapereture paysice were 
rates of Liqetd helium II, supraconiuctivity 
eatiforromagnetisa, effect. The follceing 
reports and coszuni ae Ae Abrikowor, b. P. 
Gogikar reported oa the investigation of the proportie of 
pagrecoatuctive alloys. A. &. Adrikosov, 
Bhalatnikov spoke of properties of supracot 
‘vy and Chen’ Gbun'-zaa’ 


. TFequency aagnetic field. BD. ¥. Shirko 
show Si-shin', two young Chinese scientists wvcking ot 
described inrestigations for detersination 
ef the inflnence exercised by the Couloab (Kulon) interaction 
¥. ¥. Tolsachey explained the 


Sverdl 
Aatecuseed: wuperssy 


H 


Hi 


Care t/4 of charges on sup: aconductivity. _ 
—~~—“galure of the so-called collective excitations of the Bose 
type in supraconductore. BD. W. Zubarev, Tu, 
ductors and B. %- 


4 “Seeductora. Iu, Y.Sharrin, ¥._P. Gantmabner reported on ex- 
7 periments] work with supracoacuctors. | 
thermal conductivity is 


ef the neacuresent of the anisotropy of 
In w series of reports problems of 


the supraconéuctive etate. 
the euperliquidity of helius discoves- 
ea in 1938 by P. L. Kapites an 
im 194% by &. D. tandau. FE. b. Andronikaehvil} and hie eol- 
ledorators investigated the properties of rotating heliua. 
¥. p. Peshkov spoke of the effect of the formation of the 
Poundary between euperliquid aad non superliquid helius. Cues 
Vey-yan', collabsrator of the Institat fizicheskikh prodles 
(Inetitute of PR aical Proviess) investigated the properties of 
perature of Kepitea. To Mt fenits, 
gated galvanonagnetic phenosens 
for le with open Permit surfaces. 
Yu. ?. Geydukow 
Gare 2/4. geted the realotance anisotropy of vo 
pagnetio field. L. $. Kan, 3-9, vazerey combine the P 
ua with the etructural etate of the metal. 


@ teapersture ainia 
el’ reported on the quantua theory ef metallic con- 
ing elestrogagnetic and constant ssg- 


t 


Sod 
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oe 


be 


magnetics in eitiferressoc2 tia saaples of waco, 


investigated the aagnetic anteotropy 


of the anti- 
SO, and CoS0,. » Ac. Alikbanoy 


2 ae 


gagnetic monocrystals Ca: 4 


reported on neatrorographic inveatigation 
ted on the suscepti- 


Jeo.t.—Kondorekiy and collaborators repor 
Pility of nickel ang nickel-copper alloys at lowe teaperatured. 


Bul. Kagenor, V-. Be Taukernik reported on winetic 
ferrousgnetics at low temperatures. A, L._akhiyerey, Y.-C. 
Dart and 3. _P- Pelets 
Felaration of the magnetic mosent in ferromagnetio dieleatrics 
at low temperstures._T: x. Sanadze apoke of observation re- 
sults of paramaguetic resonacce terbiuc in the TeHO, ° 6m,0 
cal analysis of the 


ARS: 


orientation of the nuclear spin in the 


effect in nonnetals. B. FH. 
tore reported on obtaining orl¢ 


Rane whe 


Stated nuclei. A. _Y. Bulatova, 
hat hydrogen isotozea in 


. 3. Ko ana.3._¢. Lazarsv, showed 1! 
esol atate have aifferent structures. I. A. Gindin, 8. G. 


Lazarey, Kh. D. Staradubow and ¥. I. Khotkeyich detected poly- 
sorphiess in se auster of metals at low tesperatures., 5B. Lb. 
Andronikashvili, ¥. P. Peshkov and &. P. Melk ported on the 
etage of developcent of foreign scicntific re rch work in the 
field of iow-texperature physics. At the end of the Conference 
2. by. Kaphtwe spoke of his suc ful development of inveati- 
gations in the field of low-teaperature physics. The partici- 
pants of the Conference vinited the Inmtitut fiziri Akadeaii 
nauk Grusinskoy S32 (Physics 
of the Cruzinskaya 55R) and the Physics Paculty of Toiliss 
University ao well «a the butlding of the nes reasearch atonic 


reactor near Tbilisi. 


henosens in 


nitrate. GR Khuterebvitl gave a theoreti 
Overhauser (Overkhauser) 


Inatitute of the Acadeny of Sciences 


¥, Khar’ kov, Leningrad, Toittal. ~~ 


e of antiferromagnetices. 


inekiy epoke of computations of the ; 
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s0v/109-3-11-13/ i) 


" AUTHORS: Monosov, Ya-A- ganctture Ys T0222 
_TITIS: Seminar oD Ferromagnetic Resonan minar po a 


ferromagnitnomu pezonansu 


PERIODICAL: ‘Radiotekbnika 4 Blektronike, 1958, Yol 3, Ne 21; 
p 1407 (UBSR) 


ABSTRACT: Between February 8 - 13, 1958, & seminar on ferro- 
magnetic resonance Wa 1a at the Institut fiziki 


metallov (Institute of/ pics of Metals) in Sverdlovsk 
The seminar was attended bY physicis scientists 
from Sverdlovsk, Moscow, Lenin ad, Kher 'kcv and Perm. 


A number of works were read and discussed. These dealt 
with the following problems of the ferromagnetic 
resonance: 

The theory of spin waves and various types of 

ma netisation oscillations in ferromagnetics- 

2 Relaxation processes and the width of the line of 


on. 
23 Properties of the ferromagnetic resonance in metals. 
4 Thermo-dynamic theory of the ferrom gnetic 
resonance and the effect of magnetic erystallo-grapnic 


y- 
Cardl@e 5) 30 NT Pinoar effects in ferrites during the ferromagnetic 
4 resonance and the prospects of their applications. é 
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ce. sov/126-6-2-2/ 34 


TITLE: aT ootrical Conductivity of Ferromagnetic Metals at Low 
Temperatures. II (plektroprovodnest | ferromagaitnykh met— 
allov pri nizkikh tfemperaturakh. Ir 


PERIODICAL: Fizika Metallov i Metallovedeniye, 1958, Vol 6, Nr 2, 
pP 203-213 (USSR) 


ABSTRACT: The first part of this work may be found in Izv.AN SSSR, 

ser, £iz-, Vol 19, p 474 (1955). in the present paper a 

phencmenological gtudy is made of the snteraction petveen 

conduction electrons and nperromagnons" - The problem of 
electrical resistance of ferromagnetics in the low 
temperature region is considered jn greater detail than 
was done in part I, taking into account the new experi- 
mental data reported b gudovtsev et al, (Ref.2). It was. 
shown in Part pe thet.1) that the electrical conductivity 
depends on tfemperature in the following Way: 


2 
Cy = a,T + ant (1) 


are constants sndependent of temperature. 


AUTHOR: Turov, Ye. A- 


Card where 4, and a 
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electrical co 
helium temperatures is we 


the form: 


@ = &% + Og 
where Qm is given by the 
platinum the corresponding relation is 

. (3) 


nductivity of iron and nickel at Liquid 
11 represented py a formula of 


(2) 


expression above. For 


Qn = 22% 
In Part I (Ref.1) the electrical conductivity of ferro- 
ng the g-d exchaage model of 


magnetics wa 
Vonsovskiy (Ref .9) f the appearance of new 
experimental data 4 od agreement with the 
results of Ref.1, rried out a more 
Gaze detailed quantitat plem through 
376 tho solution of the kinetic equa logical 
[9 study hus also been made of the 
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conduction electrons and "foerromagnons", The energy 

operator for the {nteraction between conduction electrons 

and ferromagnons is given by Bq.(15). The square of the 

modulus of the transition matrix elements for processes 

of the type Am = + 1 is shown to be 


2 oa? 
647" gB- M 2 
w(d) = —y : x sin? 
q 
where g is Lande's factor, B = gn » My is the 


z component of magnetisation where the magnetisation 
M is taken to be of the form 
oO Rice: + wt) 

b] 


(¢ r+ wt) (4) 


o 7 const. 
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k is a wave 4nvolved in the coordinate part of the wave 
function (assumed to be in the form of a plane wave) and 
ig the angle between and Td. The final expression 
for the conductivity e obtained by solving the kinetic 
equation 1s 2 7 
att n(PM,)* kX 


x1 
seen rr Orie ( in "GBT ° : 
e 3e n(dB/dk)> A oe 2 


where n is the number of conduction electrens per Ce, 
is a function which determines the distribution of 
phase points on the Fermi surface, T ig the temperature, 
H' is the effective magnetic field, E is the energy of 
conduction electrons and A is the exchange interaction 
constant which is determined experimentally from the law 


M = u(1-cr?/?), The expression for Q is shen re-written 


in the form un (BM )° Be in 
sas o>... g \ 1+ In gon (42) 
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where in-the case of results of Ref. 2s, M. ~~ 10? gauss, 
A 10°° erg/om (Ref.15) and B~Y 10° ag™?. 


It follows that @~ 107°© 7 or (0/0 0°) ~ 10°? 7. 


This is smaller by a factor of 1000 than is required 
by the results given in Ref,2, It is concluded that the 
mechanism considered in the present paper, which involves 
scattering processes of the type An = + if (of? conduction 
electrons on "ferromagnons"), is only in qualitative 
agreement with experiment (Ref.2). 
There are 18 references, 14 of which are Soviet and 
4 English, 
ASSOCIATION: Institut fiziki metallov Ural'skogo filiala AN SSSR 
(Institute of Metal Physics, Ural Branch, Ac.Sc. USSR) 
SUBMITTED: January 8, 1957 


Card 5/5 1. Ferromagnetic materials--Electrical factors 
2. Ferromagnetic materials--Temperature effects 
3. Mathematics~—Applications 
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Translation from: Referativnyy zhurnal. Khimiya, 1959, Nr 7, P 46 (USSR) 


AUTHORS: 
TITLE: 


PERIODICAL: 


ABSTRACT: 


Card 1/2 


Turov, Ye.A., Shavrov, v.G. 


== \ 


A Phenomenological Theory of. Ferromagnetic Shenemene 


Tr, In-ta fiz, metallov. Ural'skiy fil. AS USSR, 1958, Nr 20, 


In-ta fiz, metallov. Ura’ Shiv ——-+———— 


pp 101 - 109 


The foundations of the mathematic method of a phenomenological 
theory of ferromagnetic phenomena were laid down. The essence 

of this theory consists in the viewpoint that a solid body 

(erystal) is considered not as 4 diserete but as a compact 

medium which is characterized by the densities of certain physical 
quantities (magnetic moment, eleotrical polarization, impulse, etc.). 
For finding the energy spectrum of such a medium the. expression of 
the energy is presented in the form of an expansion by the simplest 
invariants composed of planes with allowance made for the symmetry 
of the crystal lattice. Moreover, considering that constant 

density values correspond to the principal state of the system, 

the Hamiltonian can be expanded into 8 series by the powers cf the iY 
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weak oscillations around these constant values, Then the Hamiltonian ob- 

tained for weak oscillations of the interacting classical fields is quantized 

according to certain rules, and the main part is singled out from it. This 

part is the energy spectrum of the system in the form of a sum of the 

energies of the individual quasi-particles and a small addition describing 

the interaction between these quasi-particles, It is evident that the whole 

theory is applicable, in such a formulation, only to those cases, when real 

motions actually represent weak oscillations around a ground "zero" state 

(e.g., in the case of the consideration of magnetic phenomena at low 

temperatures), Although in the theory considered, as in any phenomenclogical 

theory, several undetermined constants appear in the final conclusions, which 

must be determined by experiment or from concrete model notions, it neverthe- 

less makes it possible to obtain a series of general informations on the energy 

spectrum and the properties of solid bodies at a minimum number of mocel i 

assumptions, ol 
A, Pakhomov 
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| sit on meena 
TITLE: Phenomenological. Theory of Ferromagnetism and Anti- 


ferromagnetism. in the Range of Low Temperatures (Uniaxial 
Case). (Fenomenologicheskaya teoriya ferromagnetizma 4 
antiferromagnetisma v oblasti nizkikh temperatur ‘Odnoosnyy 
sluchay )) 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, 1958, 
Vol 22, Nr 10, pp 1168 - 1176 


ABSTRACT: A magnet which from the macroscopical point of view exhibits 
an ordered magnetic structure may be regarded as 4 continuous 
body. showing the symmetry of ~ certain class of magnetic 
crystals (Ref 1); Wile every point is character- 
ized by_one,,two, or several aensities of the magnetic 
moment M,(r). In the present paper the aythgrs investigated 
the. apeotrum of the eigen oscillations of H @) of & magnetis 


medium whioh is placed into a constant external magnetic 
field i. In correspondence with the paper mentioned in 
reference 2 they started from the phenomenological 
Hamiltonian for the case of crystals exhibiting uniaxial 
Card 1/2 symmetry. The energy spectrum can be computed in two ways: 
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.Antiferromagnetism in the Range of Low Temperatures 
(Uniaxial Case) 


In the classio way (Ref 3) or according to the mathod of 
secondary quantization (Ref 2). In the present paper. the 
latter one was applied. The application of this method is 
illustrated in two sample problems. There are li) references, 
5 of which are Soviet. 


ASSOCIATION: Institut fiziki metallov Akademii nauk SSSR (Institute of 


Metal Physics,AS USSR) 
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AUTHOR: Turov, Ye.A. 56-34~L-39/ 60 
ee ea peraleva 
TITLE: ~ The Anisotropy of Magnetic Susceptibility and the Dependence of 


Specific Heat on the Direction of the Field in an Antiferromagnet- 
icum (Anizotropiya magnitnoy vospriimchivosti i zavisimost' 
teployemkosti ot napravleniya polya v antiferronagnetike) 


PERIODICAL: Zhurnal eksperimental’ noy i teoreticheskoy fizgiki, 1958, Vol. 34, au 
Nr 4, pp. 1009-10114 (USSR) 


ABSTRACT: The energy spectrum of the spin waves of a uniaxial antiferro- 
magneticum in a magnetic field H (which does not exceed a certain | 
threshold Hy) is known to be highly anisotropic. The formulae for 
Hil Z and HL Z are explicitly written dow. In these two cases 
the ground states of the antiferromagneticum differ essentially. 
Until recently the spectrum of the spin waves for the case H || Z 
and H > H, have not been calculated. Such a calculation was car- 
ried out by Ye.A.Turov an Yu.P.Irkhin (Ref 4). According to these 
calculations the difference in the shape of the spectrum existing 
with respect to the cases # WZ and # 1% continues to exist also 
after the direction of the antiferromagnetism A\ changes to a di- 

Card 1/3 rection that is vertical to the field H. The present paper deals 
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The Anisotropy of Magnetic Susceptibility and the 56-34-4-39/ 60 
Dependence of Specific Heat on the Direction of the 
Field in an Antiferromagneticum 


with a number of new conclusions determined and drawn by the 
author when calculating the temperature dependence of the: suscept- 
ibility Y and the specific heat of the spin waves. Results are 
given hera only for such limiting cases in which the effects 
whioh are of interest in this connection can be observed with the 
greatest distinctness. The formulae given make it possible to 
give an explanation in principle of the anisotropy of the temper- 
ature dependence of the susceptibility disooverz:d by J.Van den 
Handel et al. (Ref 7) for field strengths near the threshold H,. 
The resulta for C are here given only for the case KT fo: 
for which the specifio heat caused by spin may defend to a con- 
siderable extent on the field strength and the dizection of the 
field. From the examples mentioned the following may be gathered: 
In a uniaxial monocrystal, it is possible, both by changing the 
magnetic field strenath and also by changing the direction of 
the crystal axis with respect to the unchanged field, to effest 

a considerable change of the amount of specific heat due to spin 
and of the form of its temperature dependence. The latter means 
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Dependence of Specific Heat on the Direction of the 
Field in an Antiferromagneticun 


that 1f the specific heat caused by spin represents a consider. 

able portion of the total speoific heat of the antiferromagneti- ip 
cum, a noticeable change of the temperatures of the sample must 
manifest itaelf in the case of an adiabatio rotat‘on round an 

| axis located in the base plane. There avs 7 references, 5 of 

which are Soviet, 


ASSOCIATION: Institut fiziki ~etallov Ural’ skogo filiala Akadenii nauk SSSR 
(Institute of the Physics of Metals of the Ural Branch AS USSR) 


SUBMITTED: January 3, 1958 


1. Nuclear spins---Temperature factors 
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Phenomenological investigation of polar crystals. Vier. fiz.tihur. 
4 nowt:443-450 Jl-Ag 59. (MIRA 13:4) 


1. Institut fisiki metallov AN SSSR i Ural'skiy gosudarstvennyy 
universitet im. Gor'kogoe 
(Crystals) (leetice theory) 
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AUTHOR: Turov, Ye. A; s0V/56-36-4-42/70 


er 
TITLE: On the Theory of Weak Ferromagnetism (K teorii 
slabogo ferromagnetizma) 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Nr 4, pp 1254-1258 (USSR) 


ABSTRACT: Borovik-Romanov and Orlova (Ref 1) suggested a model of 

. antiferromagnetism for the purpose of explaining the weak 
ferromagnetism of MinCO, and CoC0O,; it is assuned that the 
direction of magnetization of the sublattice is not exactly 
antiparallel but that it deviates by a small angle. I. fe. 
Dzyaloshinskiy (Ref 2) gave a group-theoretical explanation 
for the possibility of such a state. He showed that the 
weak magnetism of compounds of the type a-Fe,0, and MnCo, 
has properties of magnetics in which the spin of the 
magnetic ions is in the (111)-planes and the resulting 
spontaneous-magnetic moment is vertical to the axis of the 
antiferromagnetism ("transversal" weak ferromagnetism). If 
the resulting moment of the spontaneous magnetization of 
the crystal is parallel to the axis of the antiferromagnetisn, 
one speaks of "longitudinal" weak ferromagnetism (Ref 1). 


Cara 1/3, 
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By using Landau's theory of phase transitions and 2 oar 

more general expression for magnetic enersy than in the 

paper of reference 1, Dzyaloshinskiy jnvestigated the 
behaviour of weak ferromagnetica in dependence on 

temp erature and the magnetic field near Curie temperature . 
The author of the present paper with the aid of 
Dzyaloshinskiy's theory investigates the same, put; in the 
range of low tenperatures by means of spin wave approximation. 
The cases of transversal and longitudinal weak ferromagnetism 
are dealt with. Expressions are derived for the spin wave 
energy, the temperature dependence of the magnetization, 

and the spin part of the thermal capacity. The temperature- 
dependent part of magnetization changes its sign at H = Su,/4 - 


For the energy of the spin waves a4 linear dispersion law 
holds; E, = 1k (for ¥TPAE,y AE,- apin wave excitation 


energy)» The author finally thaixa S. V. Vonsovskiy ‘or 
advice and discussions. There are 6 Soviet references. 
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AUTHORS ¢ Guseynov, N.G.,- Turov, ve.A, 


TITTLE: On peculiarities of magnetic properties. of some compounds 0 
nese with elements of nitrogen subgroup 


PERTODICAL: Referativnyy zhurnal Fizika, no.l0, 1961, .276-277 i Abstract 
(Izv. .AN AzerbSSR. Ser, fiz.-matem. 1 tekhn,.n,", 1960, no 
96, Azerb: summary ) ns: 


TEXT: | _ Tne authors analyze in detail experimental data on, magnedi 

t+es of compounds having the formula MnX (where X stands for. Bt,.-Sb, At 

anis basis and on symmetry considerations, - they advance a’ hypothesis: the i 
taneous magnstization (M,) in MnP is related to nen-col linear ‘arrangeniin: ver 
natie moments of sublattices (weak ferromagnetism) . The. caloulations. pres 
show that the MnP structure (rhombically distorted NiAs structure, .sp& 

nf.) admits of exiatence of weak ferromagnetism in plane (001); - the a 
magnetism of sublattices. from the preferential axis of antiferromagnet ema 
ansle PATS assures the M, magnitude observed in experiments. | A num 
retical conclusions follew from the hypothesis made, permitting its. exp 
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On peculiarities of magnetic properties ... 


Re 


verification; magnetic moments of Mn ions lie in plane OD ate be 
(100] or [010] through the angle ATES: susceptibility o Be peek cet 
great at low temperatures down to O°K; magnetic prope spar aes rongurics 
anisotropy: tenperature dependence of M, obeys the “T°-law , . 


V, Naysh 


[Anatracter’s nots: Complete translation] 
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24.740 0 (1035,4Y, po) / 
AUTHORS ¢ Turov, Yeu Acs Mitsek, A. I. 
occ a 
TITLE: Temperature Dependence of aan Y 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, 1960, 
Vol. 38, No» 6» Ps 1847-1851 


TEXT; A study is made of the temperature dependence of linear 
(anisotropic) and volume (isotropic) magnetostriction at low tenperatures 
by using the phenomenological method of spin-wave theory. The present werk 
is 2 continuation of Ref. 1 where the temperature dependence of the 
ferromagnetic anisotropy constant was investigated by the same authors on 
the basis of the phenomenological spin-wave theory. The results obtained 
there are used now to determine the temperature dependence of the constan* 
of anisotropic magnetostriction. The theoretical considerations are based 
on a general. formulation for the density cf magnetoelastic energy of 4 
ferromagnetic. In the first approximation, this formulation has the 
following form: 


cara 1/3 
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Qn, dm 
/ - a) et ee a, eee : = } 
Xne ~ “Msn ,njng 18 By a Gi y1e°ls Qt, qr, ieee n,(*) / 
y 


= Mi, (F) /M, are the components of the unit vector of the iocal 
gins ~ 


+n = 2N (an even number); summation is to be made 


magnetization; Mo - absolute saturation; i,j.1.8,tEe.y: 43 n,-n 
whole numbers 3 n,+y 
over repeated subscripts. The first term gives the anisotropic part of 
magnetoelastic energy in the form of an axpansion in @ power series ef the 
magnetization components; the second term gives the change in volume 

in ee RS ; re th 
energy of the ferromagnetis, where Gisis Ay jf 9,3 Ay, are e 
volume exchange parameters. The explicit forms of the parametes3 aand G 
are determined by the crystal aymmetry > The components of the glastic 
stress tensor 6,, can be congidered parameters for the present problem; 


they are related to the equilibrium deformations through the elastis 
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Temperature Dependence of Magnetostriction $/056/60/038/006/033/049/Xz 
B006/B070 


modvli, the thermal lattice vibrations not being considered. Harmonic 
elastic lattice vibrations do not alter the equilibrium deformations of the 
crystal, and so do not affect the average magnetoelastic energy of the 
ferromagnetic. Anharmonic oscillations lead to tnermal expansion, and can 
be added to the correction for temperature change of the magnetostriction 
deformations in first approximation. Thus, the temperature dependence of 
magnetostriction deformations is largely determined by the thermal 
vibrations of magnetization, that is, by spin waves. Thus, the p.roblem set 
here can be reduced to a calculation of the energy spectrum of spin waves. 
It differs from the previous ae only in that the magnetoelastic energy 
is taken into consideration. . Vonsovskiy is thanked for discussions 
and advice. There are 9 avi ctecaces. 
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SUBMITTED: January 9. 1960 
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24.740 
AUTHORS: Turov, Yee A., Guseynove No Ge 
pe ne \ 
TITLE: Magnetic peqonance Da Rhombohedral Weak Ferronegnetics 


PERIODICAL: zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1960, 
Vol. 38, No. 4, pPpe 4326 * 4331 


pexT; The authors use the conceptions of the nature of weak ferromag- 
naetisn explained by I. Yeo Dzyaloshinskiy in Ref. 1 and the Hamiltonian 
given by him for investigating the conditions for magnetic resonance in 

weak ferromagnetics- As examples, the authors deal with weakly ferro~ px 
magnetic rhombohedral crystals of the types of a-Fe,0, and MnCO; > be- 


cause it is on these that the most experimental data are available. In 
the present paper it is shown that by using Dzyaloshinakiy'® conceptions 
of weak ferromagnetism, & far more natural explanation of the observed 
resonance properties of hematite can be given than that which, @-8+» 
Kumagai et al. (who carried out a very complete experimental investiga- 
tion of resonance on hematite), Shimizu and others succeeded in giving. 
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The theoretical results obtained are used for discussing the resonance 
properties of hematite; the theoretical and experimental results are 
; compared, and very good agreement is found. The theoretically obtained 
: dependence of 1/r = J, /2nc on the resonance field strength EH lying in 


the direction of the lightest magnetization axis is shown ir, the Pig. 

on p. 1330. For comparison, the experimental data taken from Ref. 3 are 
given. The measured values are on the theoretical curve, with the ex- 
ception of one value at EH & 2000 oe, but in this case the condition of 
saturation magnetization is no longer satisfied. The authors thank vA 
S$. V. Vonsovskiy for discussing the results obtained. A. S$. Borovik- 
Romanov, L. D. Landau, Yeo M. Lifshits, M. I. Kaganov, V. M. Taukernik, 
and Yu. M. Seidov are mentioned. There are | figure and 16 references: 

8 Soviet, 5 US, 2 French, and 1 Japanese. 
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AUTHORS : Turov, Ye.A. and Irkhin, Yu.P. 
TITLE: apucprntepeNehenological Theory of Electrical Conductivity ; 


of Ferrites,and Antiferromagnetics 4/ 


PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol 9, Nr k, 
pp 488-497 (USSR) 


ABSTRACT: General symmetry and invariance properties are used in 
a discussion of the energy spectrum of current carriers 
in ferromagnetics and antiferromagnetics with particular 
reference to the magnetic structure in these materials. 
The change in the energy spectrum of current carriers 
which takes place during a transition through the Curie 
point may lead to an "anomaly" in the temperature 
dependance of the electrical resistance. These 
anomalies are investigated in the present paper and the 
theoretical results obtained are compared with experiment. 
A new type of anomaly in the electrical resistance of 
ferrites is predicted. According to this prediction, 
at a certain temperature Ty the compensation of exchange 
forces, acting on the spin of a current quasi-particle, 
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On the Phenomenological Theory of Electrical Conductivity of 
Ferrites and Antiferromagnetics 


sublattices. The theoretical method employed in this 
discussion was developed by Turov et al (Ref 23) in 
connection with ferromagnetic metals. The paper begins 
with a general discussion of the energy spectrum which 
is then specialized to a ferromagnetic with a single 
sublattice, and to the case of two sublattices, 
including antiferromagnetic semiconductors and ferrites. 
In the latter case, the abovementioned anomaly in the 
electrical conductivity occurs as illustrated in Fig 2. 
In each case formulae are derived for the electrical 
resistivity as a function of the lattice parameters and 
the temperature. There are 2 figures and 17 references, 
14 of which are Soviet and 3 English. Acknowledgments 
are made to S.V.Vonsovskiy for advice and discussions. 
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AUTHORS : Abel'skiy, Sh.Sh. and Turov, Ye-A. . 
‘Wwrnronevmmmiegeecmenea: 
TITLE: On the Theory of the Temperature Dependence of 


Electrical and Thermal Conductivity of Ferromagnetics 
at Low Temperatures 


PERIODICAL: Fizika metallov 4 metallovedeniye, 1960, Vol.10, No.6, 
pp .801-806 


TEXT: The scattering of conduction electrons on spin waves 
("ferromagnons") is a contributing factor to whe electrical and 
thermal conductivity of ferromagnetic metals. Owing to its specifi: 
temperature dependence, this part of the condustivity may, under 
certain conditions, exceed the conductivity associated with 
scattering on phonons. This problem was considered by the second ZA 
of the present authors in Ref.3, where it was shown that the 
temperature dependence of the ferromagnon part of electrical 
resistivity Pp can be written down in the form of two terms, 

namely: 


2 
Pr = a,T + aot (3.) 
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where and ay are constants independent of the temperature T. 
The first term in ea. (1) takes into account electromagnetic 
interactions between conduction electrons and the magnetic field 
produced by spin waves ("spin-orbit interaction"); the second 
term is due to exchange interaction between conduction electrons 
and electrons responsible for the ferromagnetism (the "s-~d exchange 
interaction"), Experimental studies of the temperatur: 

dependence of Py have shown that Eq.(1) is in qualitative 
agreement with the experimental data for ferromagnetic metals at 
helium temperature. However, further development of the 

theory (Ref.5) has shown that the linear term in Eq.(1), i.e. the 
term due to the spin-orbit interaction, is lower than the 
experimental result by two or three orders of magnitude. In the 
present paper, the temperature dependence of Pr is re-examined 
in detail, with special reference tc the s-d exchange interaction 
effects, The dispersion relation for the conduction electrons is 
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taken in the form 


Exo = E(k) + 20I(k) (4) 


where E(k) and I (i) are arbitrary functions of the modulus of 

the quasi-momentum k and o = + 1/2 (spin quantum number of the 
electron). In addition, the part of the thermal resistivity of 
the ferromagnetic metal which is due to the scattering of 
conduction electrons by spin waves is also computed. The 
electrical resistivity is calculated using the method developed vy 
Kubo in Ref.11 and applied to the calculation of resistivities by 
Nakano (Ref.12). In this way, it is shown that the electrical 
resistivity is given by 


E44) ee see eee 
2 : ye ds x 
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This formula includes three parameters, namely Ne Cy and Coy. 
T, dis the critical temperature below which exchange effects can be 
neglected; cz, and can be obtained from the dispersion 
relation cn by Eq. (2), When T> To, Eq.(9) reduces to 


2 
Py = ¢,(T ing? *) tT-% ce,tot + Be cpr? (11) 


whilst for TXT, Pp~ exp (-T/T,). When T is of? the order 
of To, the general formula given by Eq.(9) must be employed. x 
In order to explain the experimental data reported by Kondorskiy 

et al (Ref.6) and Sudovtsev et al (Ref.7), who found thet in 
addition to the quadratic term a linear ‘ern was also present, it 

is necessary to assume that the coofficiont c , is large. This, 

in turn, indicates that the energy spectrum of the conduction 
electrons cannot be described in these particular cases on the 
_basis of a quadratic dispersion law. Tne paper is concluded by a 
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calculation of the thermal resistivity. It is shown that the 
thermal resistivity W is given by the approximate formula: 


2 2 
Way, 278 (ako) ep im 


x? 


Thus, W is independent of temperature, in agreement with the 

work of KXasuya (Ref.15). Moreover, the actual magnitude of the 
thermal resistivity depends on the same coefficient cg which 
determines the quadratic term in the electrical resistivity. When 

Co is determined from experimental data on pn haler ia resistivity 

(Ref .7), then it is found that W lies between 107° and 

10-7 deg cm sec/erg. This is in agreement (to within an order of DG 
magnitude) with the value obtained by Rosenberg (Ref.16) for iron 

in the helium temperature region, Rosenberg’s work shows that the 
thermal resistivity of many metals can be represented by the formuia 
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Wos a,” + a,/T (15) 


electrons by phonons and the second by scattering on impurities, 

At low temperatures, the second term predominates, According to 
the present theory, Eq.(15) must be supplemented by the further term 
given by Eq.(14). It is expected that for sufficiently pure 
specimens this component will be comparable with that due to the 
scattering of electrons on impurities, It follows that the thermal 
resistivity due to scattering of electrons on spin waves may be 
detected in very pure specimens of ferromagnetic metals at 
sufficiently low temperatures, Acknowledgments are expressed to 
Yu.A.Isyumov and S.V.Vonsovskiy for valuable advice, There are 

16 references: 12 Soviet and 4 non-Soviet, 


in which the first term is expressed by the scattering of xt 
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Ferrites (Cont. ) SOV /4893 


PURPOSE: This book is intended for physicists, physical chemists, 
radio electronics engineers, and technical personnel engaged in 
the production and use of ferromagnetic materials, It may also 
be used by students in advanced courses in radio electronics, 
physics, and physical chemistry, 


COVERAGE: The book contains reports presented at the Third All- j 
Union Conference on Ferrites held in Minsk, Belorussian SSR. 
The reports deal with magnetic transformations, electrical and 
galvanomagnetic properties of ferrites, studies of the growth 
of ferrite single crystals, problems in the chemical and physi- 
cochemical analysis of ferrites, studies of ferrites having 
rectangular hysteresis loops and multicomponent ferrite systems 
exhibiting spontaneous rectangularity, problems in magnetic i 
attraction, highly coercive ferrites, magnetic spectroscopy, 
ferromagnetic resonance, magneto-optics, physical principles of Fs 
using ferrite components in electrical circuits, anisotropy of 
electrical and magnetic properties, etc. The Committee on Mag- 
netism, AS USSR (S. V. Vonsovskiy, Chairman) organized the con- 
ference. References accompany individual articles. 
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PERIODICAL: Referativnyy zhurnal. Khimiya, no. 19, 1961, 20, abstract 
‘ 19B141 (Izv. AN AzerbSSR. Ser. fiz.-matem. i tekhn. Ney 
no. 4, 1960, 85-96) 


TEXT: From an analysis of experimental data on ‘the crystal structure and 
magnetic properties of the compounds MnX, where X = P (I), As (IL), Sb (III), 

and Bi (IV), it is concluded that I-IV belong to the class of ferromagnetics, / 
and not to that of ferrimagnetics. The spontaneous magnetization intensity ae 
of I is probably due to the non-collinear (i-e., non-parallel or anti- _ 
parallel) arrangement of magnetic momente of the sublattices of this 

compound. It is assumed that the non-collinearity of magnetic moments at 

low temperatures results in strong susceptibility and in a pronounced 
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anisotropic character of the magnetic properties of the single crystal of 

I. In addition, the temperature dependence of the spontaneous _magnetiza- 

tion intensity is assumed to obey the wpe law", and not the "T4‘law" as in 

the case of ordinary ferromagnetics. It is further believed that the 

magnetic resonance absorption also has a very psculiar nature and that the 
magnetic moments of Mn ions are located in the (001) plane below the Curie os 
point and deviate from the [100] or [010] axis by an angle of approximately =~. 
17.5°. [Abstracter's note: Complete translation.] 
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arise only in structures that are even with respect to all lattice transla- 
tions and to the Symmetry center. The chemical end magnetic elementary 

cells must coincide, Various invariants in the spin Hamiltonian are given 
in the Table, These data are evaluated for some concrete crystallographic A 
structures. Weak ferromagnetism is chiefly due to the fact tha: the 

magnetic sublattices are not completely equivalent, This may be caused by 

the different temperature dependences of the mean thermodynamic ¢pin moments ‘Y 
of the two sublattices. Moreover, the effective magnetomechanical ratio 

(g factor) of the sublattices may be different, which causes a longitudinal 
Spontaneous magnetic moment. Since the vectors m and I are perpend:icuiar 

to each other, the above statements hold true for transverse as well as 

for longitudinal weak ferromagnetism. Mention is made of A, S, Borovik- 
Romanov and N. M. Kreynes (Zh. eksperim. i. teor. fiz., 33, 1119 (1957); 

40, 762 (1961)). There are 1 table and 12 references: 10 Soviet and 

2 non-Soviet. The two references to English-language publications read a5 
follows: Moriya T., Phys. Rev., 4117, 635 (1960); ibid., 120, 91 (1960); 
Henstan, Brockhause, Bull, Amer, Phys. Soc., 2, 9 (1957). 
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PERIODICAL: Zhurnal ek sperinental'noy i teoreticheskoy fiziki, v- 42, 
no. 6, 1962; 1582-1589 


TEXT: In a previous paper (Ye. A. Turov, C. R. Paris, 252, 3420, 1961; ti 
Izv. AN SSSR, seriya fiz., 255 4315, 1961) some conditions necessary for 

the existence of a slight ferromagnetism in antiferromagnetic erystals #ere 
stated. In the present paper the conditions not only. necessary but also 
sufficient for the existence of weak ferromagnetism in slightly non-colinear 
and collinear antiferromugnetic structures are developed. Starting from 
invariants of magnetic energy; & complete classification of structure types 
permitting slight ferromagnetism is worked out, juxtaposing 

descriptions of this effect in every structure type. An appendix gives 
gyromagnetic tensors of all slightly ferromagnetic structures. There is 
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pax?; The magnitude of the longitudinal magnetization was estimated for 
an antiferromagnetic ina transverses circularly polarized h. f. magnetic 
field. In first (linear) approximation it is 

$e TMo (@ 7H a) he ot Mt, = yMo(wttH )ho tu 

, 0%} — w , Bah wo — a es (2). 


My, — MeeM,, 


af) —_ ; " " ; 
Ww, | haa is the resonant frequency, He 4s the “exchange field, Hy is 


the field of magnetic anisotropy.» In second (nonlinear) approximation the 
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Longitudinal magnetization of ... B108/3138 


oe 


= { it ry 
7 if 7 / 2h. and 


= wis + MS i p/2ut, . In the case of resonance (we co) it is i 


Longitudinal magnetization is iu, 5 we + thy with Mo 
tig z 
fae és 2 1/2 2 a ; 

ui, [ay = -2(FH, /w)( ho k) or -2(H,/H,) (n, /AH) » where AH = AWlyis 
the width of the resonance line. hy is the h. f. field amplitude. The 


crystals used to observe this effect should have quite a narrow resonance 
line. It is pointed out that this effect should also exist with nuclear 
magnetic resonance in antiferromagnetics. 
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TITLE: Galvano- and thermomagnetic effects in antiferromagetics 
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no. 6(12)s 1962, 2273-2276 


TEXT: The atatic effects related to the existence of & separate axis of ay 
wnt iferromagnetic. ordering *y certain crystals (cf. e-& ZnETF, 42, 1982; 
1962; 33) 807, 19573 36, 1954, 4959) have been investigated already. Here 

the kinetic effects. name ly galvanic and thermomagnetic, are studied in a 
general phenomenological manner. Antiferromagnetic crystals with various 
crystallographic and magnatic gtructures are considereds the variety of the 
latter being restricted by the assumption that collinear oF weakly non~ 
collinear structures are describe by two sublattices with the magnetizations 


v » where Le M, - ¥, ig the axis of antiferromagnetic ordering. Between 
y wd 

forces and fluxes the relation F, * eag Holi ®) Ip must holds in the case of 
galvanomagnetic effects F will be the electric field strength and 3 the 
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s Hall effect i Saiyan 
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First the spontaneo SE kaneeus cere 


cree aera! Lattice gtructure- 


n+2” rhombohedra 


t . 
magnetic effec F ; ee ie . 


t: 
Fi) =< Rijzes Fy == Rijsby 


+2 
For a structure of the type am 


= j , (6) 
Fe = Ry H, — Riley Fy RajeHs —Ribetles Fe=Ry (Hy — Jot ), 6 ‘ 
x yilz 


) 
3 ? 


Fy = Oy (xfs — jy) + ogbjeHy 
Fy = a,L (jzHy + jyH:) —a,bjHs, , 
Fy = Ogh UsHly — vHls)s, 
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The terms with a, of (7) describe completely new effects. If in this case 
Zz and ¥, and therefore also F, lie in the basal plane, 


F, =a,LjH cos (39, + Pins Fy = —a, LjH sin (39, + Pps) A 


If Liz (in a-Fe,0; at 250°< 7<950°%, or in MnCO, and crF;) besides the be 
above mentioned spontaneous transverse effect, new effects, linear in 


=> Fy > 
? and # may arise. If in this case jlz, HLZ and HLL, 


Fy =a,LjH, F, = aLjH sin Gp, + 29,4): (9) 


where PF is the angle determining the direction of change of the field F 
that is perpendioular to the ourrent, P rH is the angle between F and 6 
Conclusions: The effects that are odd with respect to # are only so when 


-> 
a change in sign of # is not accompanied by a rotation of L. These effects 
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